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The  following  report  describes  an  acoustical  method  for  detecting  ana 
loca'.ing  laainations  in  steel  plates.  It  is  based  on  the  fact  that  the  stiff 
nesj  of  a  plate  is  decreased  over  a  lamina  tod  area  and  the  resulting  fact 
tln.'it  the  velocit]/  of  flecturai  ■jraves  is  deci-e  .  od  f  crosf.  such  areas.  The  pres 
or  CP  r,f  s',;ch  defective  ro-c-as  is  disclosed  through  sand  patterns  fomed  on  the 
surface  of  the  plate  vdien  it  is  vibrated  at  sone  resonant  frequency. 

In  practice  the  vibrating  forces  are  applied  in  a  cianner  that  ?;ill  omke 
tic  sand  patterns  on  a  jjerfect  plate  consist  of  straight  parallel  lines.  Lam¬ 
inated  areas  are  disclosed  through  distortion  of  the  sand  pattern  from  tlds 
tirr.ple  form. 


aa’i  jHsv 


Thin  problfci  wnt  cuthoriaed  ty  references  (a)  end  (b).  Other 
^  pertinent,  corre spender ce  is  listed  under  reference  (c). 

Reference:  fa)  Bu.£iig.ltr.JJ46-l{12-29-De}  of  5  Jan.  3935. 

(b)  Bu.C&R  ltr.JJ46-l(5)(S)  of  29  Dec.  1934. 

(c)  HRL  Itr.  N8-12  of  29  April  1935. 

bTATEagfT  OF  PROBLEM 

2.  Laminations  in  steel  plates  do  not  greatly  weaken  riveted  struc¬ 
tures  where  angle  irons  and  reinforcing  strips  give  added  strength  to  all 
Joints.  However,  in  case  of  modem  welded  construction,  where  such  rein¬ 
forcements  are  not  employed,  these  defects  may  introduce  weaknesBes  that  are 
more  serious.  Thus  arises  the  problem  of  developing  methods  and  means  for 
detecting  laminations  in  steel  plates. 

3.  Any  Mthod  for  detecting^  these  leolnation  defects  must  be  based 
on  measurements  of  some  physical  characteristic  or  property  of  the  plate  that 
is  affected  by  them.  The  method  described  herein  is  based  on  the  effect  that 
laminations  produce  on  the  stiffness  of  the  plate,  i.e.  on  its  resist4ince  to 
bending  or  flecture. 

4.  Both  the  presence  and  location  of  the  defective  or  laminated  areas 
are  indicated  hy  dlstorticmB  in  a  standing  flectural  wave  pattern  set  up  in  the 
plate  olmllerlj'  to  the  well  known  "Chlacni  •  s  Figures" .  If  the  plate  is  vi¬ 
brated  in  such  a  manner  that  the  shape  of  the  sand  pattern  can  be  definitely 

^  predicted,  then  the  presence  of  laminations  will  be  indicated  by  distortion  of 

W  the  sand  pattern  from  the  predicted  form,  i.e.  from  the  form  It  would  take  on 

a  perfectly  uniform  plate. 

5.  A  lamination  distorts  the  sand  pattern  throtigh  reduction  of  the 
stiffness  of  the  plate  across  the  laminated  area.  Such  reduction  of  stiffness 
reduces  the  velocity  of  the  flectural  waves  traversing  the  laminated  area  and 
this  shifts  the  nodal  lines  from  the  position  thqr  would  have  taken  on  a  per¬ 
fect  plate. 

THECRfcTlCAL  CCW SI DERATIONS 

6.  The  effect  produced  by  a  lamination  on  the  stiffness  of  a  plate 

depends  on  its  depth  below  the  surface.  Figiare  1,  Plate  1,  represents  a  por^ 
tion  of  a  plate  of  thickness  (a)  with  a  lamination  along  dotted  line  (A-A)  at 
a  depth  {1}  fnai  the  top  surface.  Let  (Sx)»  (^a-x)*  t^a)  represent 

respectively  the  stiffness  of  the  metal  above  the  lamination,  below  the  lam¬ 
ination,  laminated  plate  and  solid  plate.  Then: 

(1)  ^  ~  (where  (K)  is  a  constant  depending  on  the  material,  etc.} 

(^)  ^H-x  ~  K(a-x) 


(5)  =  ^x  ^a-x 

(4)  Sa  =  K.a^ 
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iitiffnea.s  (S  )  of  the  laainated  plate  becoiaeo, 


^li-X 


=  K  f  +  (a-x)3;  =  K(/ 


Jb.'^'A  +  ^ax  ) 


Dividing  (5)  by  (4)  gives  (S./S,,),  the  ratio  between  the  stiffnenr,  of  the 
luminated  plnte  and  t.nat  of  the  ooiid  plate. 

(6)  S^/Sa  =  (a^  -  3ax  +  3x'^)/a2. 

7.  Curve  1,  Plate  .1,  shows  tho  relation  between  (S/ZS^)  and  (x). 

The  lainiiaum  stiffness  occurs  when  the  lamination  is  centered  ^twean  the 
fHC9.s  of  the  plate  where  it  equals  one-fourth  tnat  of  tne  solid  The 

c^rrve  shows  that  the  stiffness  of  a  lasunated  regains  less  th^  half 

that  of  the  solid  portions  of  tne  plate  so  long  as  tne  loaunation  lies  at  a 
Lvth  greater  than  about  one-fifth  of  the  plate  t.-uckness.  Under  such  condi¬ 
tions  the  distortion  of  the  sand  pattern  should  be  sufficient  definitely  v,o 
indic^ue  the  presence  and  probably  the  location  of  the  laminated  area.  A 
study  of  the  end  portions  of  the  plot  shows  tiiat  the  aetaod  become^  ineffec¬ 
tive  at  an  increasing  rata  as  the  lamination  approaches  the  surface  of  the 
plate  and  fails  entirely  when  it  arrives  at  or  very  near  to  the  .surface. 

8.  Curve  2,  Plate  3,  Is  derived  from  u^irve  1  and,  as  will  be  seen, 
applies  more  directly  to  the  present  subject. 

9.  The  velocity  of  flectural  waves  in  u  plate  is  proportional  to 
the  square  root  of  the  stiffness,  i.e. 

(7)  V  =  c.Y^ 

where  (V)  is  the  wave  velocity,  (s)  the  stiffness  of  the  plate  and  (c)  a 
st^t  depending  on  the  material,  etc.  The  velocity  term  can  be  replaced  hy 
(N.X.)  through  the  well  known  relation 

(3)  V  =  H.A 

where  (H)  and  (X)  represent  frequency  and  wavo-longtb  respectively.  This 
gives  the  relation 

(9)  N.X  =  c.Vi"  . 

Since  (H).  the  frequency  at  which  the  plate  is  vibra^,  is  constant  ow  the 
whole  Dlate  em^OT  (9)  states  that  the  wave-length  over  any  part  of  the 
^nSSonal  to  the  square  root  of  the  stiffness  across  that  area. 

It  foUowrthat  the  raUo  of  the  wave-length  (XJ)  over  a  laminat^  ^ 

over  a  «»Ud  portion  of  the  ^ 

root  of  the  ratio  of  the  stiffness  over  these  respective  portions. 

10-  The  plot  on  Plate  3  shows  how  this  ratio  (Xj/Xg^)  varUa  mitb  (x), 

,  .V  -.w  fvwa  iaBinat.lan  within  the  plate.  If  the  lamination  is  located 

"f  Ih.  -rtii  «* 

exceed  onw-hslf  and  the  sand  pattern  distortion  should  tl^ 

HaVinitalv  show  thi*  preoenoo  of  lasdnatlon  defects.  It  la  probable  that  dis¬ 
tortions  will  show  for  greater  values  of  this  ratio,  i.e.  when  thm^la^n^iw 
iTatni  Sarer  to  a  siSwe,  but  they  certainly  wlU  not  be  deUeUble  whan 
the  lamination  is  very  close  to  the  surface. 
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11.  It  should  be  noted  that,  plota  (l)  and  (ll)  are  derived  on  the 
usnumption  that  the  lamiration  along  line  (/.-«),  Fig.  1,  Plato  1,  offers  a 
free  shearing  plane.  Probably  alag  incluoicnr.  adhere  to  the  metal  surfaces 
sufficiently  to  prevent  these  curves  for  representing  practical  conditions, 
^uch  Inciusiona  will  not  decitease  tie  stiffness  of  the  plate  as  muclt  as  will 
the  free  shearing  plane  assumed  and  as  a  result  tlie  sensitivity  of  the  metliod 
in  practice  may  be  expected  to  be  les-c  than  that  predicted  from  these  curves. 

METHODS 


,  ^  plate  set  into  fiectural  vibrations  hy  bowing,  as  practiced 

y  acni,  au<,ooiatically  takes  on  one  cf  its  numerous  natural  or  resonant 
requencies.  It  Uien  vibrates  in  a  standing  wave  aysteui  and  sand  or  {>07;aer 
sprinkled  on  the  horizontal  surface  will  collect  along  the  nodal  lines  be¬ 
cause  there  is  no  motion  at  these  locations  to  scatter  it  elseivherc.  If  a 
plate  is  forced  to  vibrate  by  coupling  it  loosely  to  some  mechanically  driven 
member,  it  will  take  on  a  stranding  wave  system  only  when  the  frequency  of  the 
driving  force  is  adjusted  to  equality  with  one  of  its  natural  or  resonant  fre¬ 
quencies.  Ouch  adjustment  of  the  driving  frequency  is  readily  made  by  noting 

the  point  at  which  sand  sprinkled  on  the  plate  collects  into  clean-cut  nodal 
lines. 


13.  Portions  of  the  plate  on  opposite  sides  of  a  nodal  line  oscil¬ 
late  180  degrees  out  of  pliase  and  as  a  result  the  plate  is  warped  bftck  and 
forth  across  these  lines.  Thus  it  is  that  the  stiffness  of  the  plate  ie 
brought  into  play.  If  the  sand  pattern  is  such  that  the  nodal  lines  are  par¬ 
allel  with  one  ano^er,  the  perpendicular  distance  between  two  adjacent  lines 
is  a  half  wave-l^glh.  Therefore,  for  our  purpose,  JLt  becomes  desirable  to 
vibrate  the  plate  in  a  mode  that  will  give  parallel  nodal  line.s. 

Method  Applied  to  Circuits  Plates 

14.  The  nodal  lines  on  a  circular  plate  driven  at  its  center  are 
concentric  circles  and  therefore  parallel.  Figures  1  and  3  of  Plate  4  and 

Plate  5  show  three  different  sand  patterns  foi*ined  on  a  circular  alunlniBa 
plate  driven  at  its  center  point.  The  driving  element  was  a  nickel  tube,  one 
end  of  which  was  brazed  to  a  lug  for  screwing  it  to  the  center  of  the  plate. 
This  element  was  surrounded  by  a  magnetizing  coil  supplied  wiUi  A.C.  current 
>-y  an  electron  tube  oscillator  tliat  could  be  unifonaly  tuned  through  e  consid¬ 
erable  range  of  frequency.  Each  figure  represents  a  definite  resonant  fre¬ 
quency  of  the  plate.  Figure  15  of  Plate  4  shows  the  bottookslde  of  this  plate. 
A  strip  of  metal  (U)  has  been  cemented  to  the  plate  to  serve  as  an  artificial 
defect.  Figure  14  shows  the  distortion  it  produced  on  the  sand  pattern.  Here 
Figure  1  is  the  predicted  pattern  —  the  pattern  given  by  a  perfect  plate  — 
and  Figure  14  ie  the  test  pattern.  It  gives  convincing  evidence  that  the 
plate  is  imperfect  In  the  southwest  quadrant,  the  quadrant  containing  the  de¬ 
fect. 


^5.  Figures  4,  5  and  6A  of  Plate  5  all  refer  to  the  same  plate,  a 
circle  12  inches  in  diameter  cut  from  a  supposedly  laminated  steel  plate.  The 
lack  of  symmetry  in  all  three  figures  sliows  the  plate  to  be  defective  in  the 
lower  left  hand  quadrant,  while  Figure  6A  indicates  that  the  defect  carries 
across  to  the  lower  right  hand  quadrant.  This  diagnosis  is  substantiated  by 
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exacinatlcn  of  the  BBohined  edge  of  the  disk.  There  is  definite  evidence  of 
ft  luaination  e^ctending  from  (1)  to  {<) ,  and  sone  evidence  of  faults  along  the 
arc  subtended  between  (3)  and  (4)  as  markeii  on  the  oargin  of  Figure  5. 


itethcd  applied  to  Kectangulax  Plates 


16.  The  various  patterns  taken  on  by  a  rectangular  plate  energir-ed  m 
at  its  central  point  or,  indeed,  at  any  single  point,  are  couiplicated  and  dif-'=’ 
ficixlt  to  predict  and  in  general  the  nodal  line.s  are  not  parallel.  Distor¬ 
tion  of  the  nodal  line.a  which  the  presence  of  a  laaination  Oiight  produce  are 
less  readily  detectable  in  such  a  complicated  wave  pattern  Uian  they  are  in  a 
simple  pattern  ?vhere  the  nodal  lines  are  parallel.  By  driving  a  rectangular 
plate  along  a  line  extending  the  whole  width,  and  preferably  at  the  end  of  the 
plate,  simple  grid-shaped  patterns  can  lie  produced  such  as  are  shown  in  Plate 

5. 


17.  The  8cheir<e  employed  to  drive  the  plate  is  shown  in  Figure  2, 

Plata  1,  wherein  nuserel  (l)  represents  a  rectangular-shaped  plate  cut  away 
except  for  the  driven  end;  (2)  the  core  of  an  electro-aagnet  built  up  of  thin 
silicon  steel  pvtnehings  pil^  to  a  depth  slightly  greater  than  the  width  of 
the  plates  to  be  tested  and  properly  aligned  hy  inserting  three  small  rods 
through  the  three  punched  holes  (3,  4  and  5).  An  energi&ing  coll  (in  part  cut 
away)  surroumds  the  right  hand  or  larger  portion  of  the  core.  It  fits  into 
slot  (6)  on  the  one  side  and  rests  on  ledge  (?)  on  the  other. 


18.  The  test  plate  foms  an  amnture  across  the  jaws  of  the  magnet. 

A  strip  of  felt  (8)  separates  the  plate  from  one  jaw  of  the' mognei,  thereby 
leaving  a  thin  air  gap  (9)  betneen  the  plate  and  the  other  jaw.  The  nagnet- 
iaing  coil  is  supplied  with  D.C.  current  through  a  suitable  choke  coil  for 
polarizing  purposes  and  A.C.  from  a  tunable  power-tube  generator.  Figure  3» 
Plate  1,  shows  the  wiring  diagram  schematically. 

19«  la  practice,  the  end  of  the  plate  is  subjected  to  bending  strains 
when  the  coll  carries  D.C.  current  because  the  magnetic  flux  linkage  between 
plate  and  magnet  core  tends  to  close  the  iotei^ening  gaps.  The  felt  pad  (8) 
takes  this  strain  and  therefore  acts  as  a  fulcrisn  with  respect  to  the  attrac¬ 
tive  force  across  gap  (9).  The  bending  strain  on  the  plate  across  this  ful- 
cruc  is  steady  so  long  as  D.C.  only  traverses  the  magnet  coil,  but  ehen  A.C. 
also  traverses  this  coll,  the  bending  strain  fluctuates  in  accordance  with  the 
fiequency  of  the  A.C.  current,  ffhen  this  frequency  is  adjusted  to  a  resonant 
frequency  of  the  plate,  the  sand  will  form  in  nodal  lines  parallel  to  one 
another  and  parallel  to  the  end  of  the  plate,  providing  the  plate  is  homogenaoui 

20.  Theoretically,  such  a  pattern  will  fom  for  esoh  driving  freqiienoy 
that  makes  the  length  of  the  plate  a  whole  number  of  half  wavt-Xengths.  There¬ 
fore,  starting  at  any  resonant  fluency  of  the  plate,  the  next  one  above  or 
below  this  ftequsney  will  respectively  add  or  subtract  one  nodal  line.  The 
several  figures  of  Plate  6  form  such  a  series.  Table  1  gives  data  referring 
to  these  figures. 


21*  These  patterns  were  formed  on  a  strip  out  from  a  steel  plate  9/16 
Inches  thick.  The  strip  was  5-1/3  feet  long  and  1  foot  wide  at  the  ends,  tot 
co3cave  along  the  free  edge,  ttoreby  asking  the  width  about  11.5  inohes  at  the 
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conter*  In  addition  to  this  lack  of  trua  geooetric  fora^  the  strip  was  boned 
lengthtrise  and  warped  or  twisted  about  its  longitudinal  axis*  Itoreovery  the  = 
plate  froB  which  it  was  cut  was  suspected  of  carrying  Isoinatloas*  Th®  fact  n 
that  such  regular  and  cc»)sietent  sand  patterns  form  on  a  plate  that  departs 
■uch  froa  a  plane  rectangle,  as  required  ty  theory,  argues  that  there  should  ^ 
be  no  difficulty  in  producing  such  simple  grid-shaped  patterns  on  coBBercial  ^ 
plates. 

o 

22.  It  will  be  noted  tiiat  two  patterns  are  nissing  froa  the  series, 
one  carrying  23  and  the  other  carrying  26  nodal  lines.  The  reason  can  be  de¬ 
duced  froa  Figure  9,  Plate  6,  showing  the  presence  of  two  wave  SF^teas,  one 
carrying  22  nodal  lines  lengthwise  and  another  cariylng  4  nodal  lines  cross¬ 
wise  on  the  plate.  If  the  length  and  width  of  the  plate  happen  to  be  such 
that  the  half  wave-length  for  some  frequency  is  a  coomcm  divisor  of  both  dimen¬ 
sions,  then  the  two  wave  systems  can  and  usually  do  exist  simultaneously.  .The 
sand  pattern  then  becomes  swall  dots  defining  the  comers  of  squares.  It 
might  well  be  termed  a  "checker-board  pattern".  Such  patterns  tend  to  for® 
when  the  half  wave  is  not  exactly  a  conmon  divisor  of  length  and  breadth  and 
then  show  more  or  less  dlstortlc®  from  the  pure  checkei^board  pattern.  Figure 
9  is  such  a  pattern.  At  frequencies  where  the  half  wave  lacks  too  much  from 
being  a  ccnmon  divisor  of  length  and  width  of  the  plate  to  permit  both  wave 
systems  to  exist  but  does  not  lack  enough  to  permit  either  system  to  exist 
free  of  reaction  from  the  other,  then  neither  system  can  be  established.  Such 
condlticns  doubtless  acco\int  for  the  two  nissing  patterns. 

23.  As  stated,  the  large  plate  from  which  our  test  strip  was  cut  was 
suspected  of  carrj'lng  ianlnation  defects.  However,  it  was  not  known  that  this 
particular  portion  was  defective.  The  sand  patterns  show  no  irregularities 
that  would  Indicate  lamination  defects.  Starting  with  Figure  6,  both  end  linei 
show  distortion.  Figure  7  shows  distortion  of  three  lines  at  each  end  of  the 
plate  and  Figure  8  shows  distortion  of  at  leas',  seven  lines.  Finally,  the 
double  wave  system  (where  all  lines  are  distorted)  appears  in  Figure  9*  The 
increasing  distortion  as  the  frequency  is  raised  to  give  these  successive  fig¬ 
ures  is  dm  to  the  increasing  tenancy  of  the  cross-directed  wave  system  to 
fora.  And  these  distortions  affect  more  and  more  of  tlie  lines  at  each  end  of 
the  plate  as  the  frequency  is  raised  because,  as  stated,  the  ends  are  wider 
than  the  center.  The  point  to  note  is  that  the  distortions  in  each  case  are 
symmetrical  with  respect  to  a  cross-line  half-way  between  the  ends  of  the  fig¬ 
ure.  A  defective  plate  slXTuld  not  exhibit  such  symmetry.  If  this  plate  car¬ 
ries  laminations,  either  the  areas  which  they  separately  cover  must  have  dimen¬ 
sions  at  least  as  small  as  the  wave-lengths  disclosed  on  the  sand  patterns  or 
else  the  laminations  do  not  appreciably  affect  the  stiffness  of  the  plate. 

24.  The  figures  of  Plate  7  refer  to  a  rectangular  strip  1'  x  6.5*  cut 
from  a  defective  plate  5/32"  thick.  The  distorted  patterns  definitely  indicat* 
a  large  defective  area  between  cross-lines  (1-1)  and  (2-2)  which  is  Judged  to 
extend  across  the  full  width  of  the  plate.  Its  presence  is  indicated  by  the 
shorter  wave-lengths  (closeness  of  the  nodal  lines)  as  compared  with  other  por¬ 
tions  of  the  plate  area.  And  the  fact  that  these  closer  packed  nodal  lines 
extend  the  full  width  of  the  plate  argues  that  the  lamination  covers  the  whole 
width.  This  argument  is  strengthened  by  the  presence  of  a  lamination  showing 
on  each  edge  over  this  section.  A  cut  made  later  across  this  area  proved  that 
the  lamination  covered  the  whole  width  as  predicted. 
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A  posnible  second  defective  eros  lies  between  the  crosr.-lir.cE 
(j-3)  and  (4-4).  Its  presence  and  boundaries  are  indicated  by  lack  of  nodal 
lines  on  Figure  5  and  distortion  of  the  nodal  lines  surrounding  this  area, 
ihe  pfitlerns,  particularly  those  of  Figures  5  and  6,  indicate  that  the  de¬ 
fect  does  not  extend  to  the  edge  of  the  plate  on  either  side.  Exaiaination 
of  tht.-  edges  opposite  tills  ajrea  showed  no  lai&inaticns. 

<6.  far.  as  determining  whether  or  not  the  plate  is  defective 

any  one  of  the  several  figures  Indicates  that  it  is  defective  because  noL 
ol  trie  patterns  are  symnetrical  about  a  cross-line  midway  between  tiie  ends 
oi  the  plate.  They  have  no  center  or  line  of  sysuoetry. 

^7.  Determination  of  the  location  and  extent  of  the  defect  is  les.s 
definite.  In  most  of  the  figures  the  nodal  lines  are  bent  and  distorted 
over  trie  whole  plate  area.  These  figures  differ  so  much  from  the  simple 
grid-shaped  patterns  of  a  perfect  plate  that  they  cannot  be  Interpreted  as 
to  the  cause  of  the  distortion,  home  figures,  however,  such  as  (5),  (6)  and 
(7)  retain  sufficient  of  the  grid— pattern  to  Indicate  more  or  less  accurntely 
the  location  and  extent  of  the  defect. 

28.  Such  interpretahle  figures  are  given  for  any  frequency  that 
will  give  a  sUnding  wave  system  for  both  the  plate  as  a  whole  and  for  the 
aefective  area  as  a  whole.  The  grid  pattern  then  tends  to  form  over  both 
the  perfect  and  defective  areas  of  the  plate  and  the  location  and  area  of 
the  defect  la  indicated  by  crowding  of  the  nodal  lines  over  the  defective 
area  and  distortion  of  those  adjacent  to  this  area.  Since  such  figures  re¬ 
quire  a  frequency  that  resonates  both  the  whole  plate  and  the  defective 
areas  they  will  be  noticeably  less  numerous  than  is  the  case  for  a  perfect 
plate.  Indeed,  it  may  sometimes  prove  that  no  such  figures  will  be  formed 
on  e  plate  carrj'lng  several  defective  areas.  In  such  a  case,  the  plate  can 
definitely  be  Judged  as  defective  through  lack  of  symmetry  of  the  patterns 
but  the  location  and  extent  of  the  defects  will  not  be  clearly  indicated. 
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29.  Theoretical  considerations  lead  to  the  belief  that* 

(a)  Laminations  in  steel  pistes  can  be  detected  throiigh  the  resulting 
reduction  of  the  stiffness  of  the  plate  over  the  defective  areas. 

(b)  The  relative  stiffness  across  all  Increments  of  the  plate  area  can 
be  deduced  from  sand  patterns  formed  when  the  plate  la  vibrated  at  one  or 
more  of  its  resonant  frequencies. 

(c)  The  presence,  location  end  extent  of  lamination  defects  can  be 
predicted  with  most  assurance  if  the  plate  is  vibrated  in  a  way  to  give 
simple  Band  patterns  wherein  the  nodal  lines  are  parallel. 

30.  These  predictions  have  been  proved  in  practice.  Circular 

plates  driven  to  oscillate  from  the  center  point  give  circular  parallel 
nodal  lines.  Such  geoaetrically  perfect  patterns  on  a  perfect  plate  are 
markedly  distorted  by  an  artificial  defect  such  as  pasting  a  atrip  of 

natal  on  the  back  of  the  plate.  Another  circular  plate  known  to  carry  a 
lamination  defect  clearly  shoved  distortion  of  the  nodal  lines  from  the 
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true  circles  that  would  form  on  a  perfect  plate. 

31.  Hectangular  plates  one  foot  wide  end  of  various  lengths  and 
0  thicknesses  have  been  resonated  to  give  simple  grid-shaped  patterns  wherein 

the  nodal  lines  are  parallel  and  directed  croaswire  of  the  plate.  One  plate 
tnoi’-n  to  carry  Ian i nation  defects  gave  highly  distorted  patterns  and  another 
plate  suspected  of  carr;,-inj  defects  gave  wholly  noraal  patterns. 

3.-,  Tests  on  these  and  other  plates  seen  to  prove  that* 

(a)  A  perfect  plate  always  gives  a  sand  pattern  that  is  syaiaetrical 
•vito  respect  to  a  cross-line  that  bisects  the  plate. 

(b)  Lack  of  such  symmetry  on  ary  clean-cut  pattern  proves  the  plate  to 
be  defective,  though  it  may  not  show  the  location  and  extent  of  the  dofoct. 

(c)  Usually  some  one  or  more  of  the  numerous  possible  patterns  will 
servo  to  locate  the  defect  and  roughly  determine  its  contour. 

33.  There  Is  no  obvious  reason  wly  the  method  cannot  be  applied  to 
plates  of  any  size.  The  nature  of  the  magnet  is  such  that  it  can  be  made  to 
cover  tho  width  of  aiy  plate.  Its  flexibUlty  allows  it  to  fit  the  cross- 
contour  even  though  the  plate  is  considerably  warped.  The  attraction  between 
plat-  and  oagnet  is  sufficient  to  warp  the  magnet  to  fit  the  plate  and  thus 
leave  a  proper  and  uniform  air-gap  over  its  whole  length. 

Tests  have  shown  that  50  watt.s  of  h.C.  is  enough  power  to  oscil¬ 
late  a  plate  one  foot  wide  and  of  an>'  desi.-ed  length  or  thickness.  A  500- 
0  watt  driver  would  serve  for  testing  laost  plates.  Two  500-watL  power  tubes  in 

push-pull  relation  for  amplifying  the  output  of  a  master  oscillator  would 
ma<e  an  ideal  power  soxirce.  It  should  be  designed  to  tune  through  the  fre¬ 
quency  range  2—10  kilocycles.  The  magnet,  of  course,  should  be  designed 
to  match  the  impedance  of  the  driver.  The  design  as  a  whole  represents  a 
straightforward  engineering  problem  that  can  be  solved  by  aiy  competent  radio 
engineer. 


35.  It  is  recommended  that  one  plate-tasting  apparatus  of  tho  nature 
described  be  purchased  under  contract  carrying  performance  specifications 
prepared  by  this  Laboratory. 


SimivRf  AND  DISCUSSION 

36.  The  Sound  Division  of  this  Laboratory  has  conceived  of  a  method 
for  detecting  laminations  in  steel  plates  and,  as  described  herein,  has  de¬ 
vised  and  developed  means  whereby  it  can  be  put  into  practice.  It  is  based 
on  the  effect  that  laminations  have  on  the  stiffness  of  the  plate  over  their 
respective  areas  as  compared  with  normal  stiffness  over  other  areas.  This 
effect  is  registered  through  distortion  of  sand  or  dust  patterns  foxnaed  on  the 
siirfaoQ  of  the  plate  when  it  is  sot  into  resonant  vibration. 

37.  Judging  by  laboratory  tests  on  relatively  small  plates,  the 
method  will  quickly  and  with  con.slderable  certainty  tell  whether  or  not  a 
rectangular  shaped  plate  carries  lamination  defects  and  will  usually  locate 
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lind  rju^hly  outline  the  defects.  A  picture  of  tae  sund  pattern  anowing  a 
nunber  painted  on  the  plate  furnishes  a  complete  record  of  the  test  upon 
'.vhich  acceptance  or  rejection  of  the  plate  can  be  baaed. 

38.  The  apparatus  eaployed  by  thia  method  is  mgged  and  simple  in 
principle.  It  can  be  operated  by  personnel  mith  but  average  technical  abil¬ 
ity. 
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TABLE  1. 


Nuaber 

of 

F  i  jnirfl 

Rouonant 

Frequencios 

Eilocvclas 

Huaber 

of 

Hodal  Lines.. 

Wavo- 
Longth 
_ InqMs  ■ 

/ 

D 

4.20 

19 

7.0 

Modal  line  at  each  end  dis¬ 
torted. 

7 

4.65 

20 

6.75 

Three  nodal  lines  at  each 
end  distorted. 

8 

5.00 

21 

6.50 

Seven  nodal  lines  at  each 
wad  distorted. 

9 

5.60 

22 

All  nodal  lines  distAVted. 

10 

6.60 

24 

5.75 

Slight  nodal  distortions 
on  several  lines. 

11 

7.20 

25 

5.50 

Slight  nodal  distortions 
on  several  lines. 

12 

8.10 

27 

5.0 

Slight  nodal  distortions 
on  several  lines. 

13 

8.85 

28 

4.87 

Sli^t  nodal  distortions 
on  several  lines. 
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